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HIGH FREQUENCY DYNAMICS RESONATOR ASSEMBLY 

FIELD OF THE INVENTION 

5 The invention relates in general to turbine engines and, more particularly, to 

resonators for suppressing acoustic energy in a turbine engine. 



BACKGROUND OF THE INVENTION 



10 Various damping devices can be used in connection with turbine engines to 

suppress certain undesired frequencies of dynamics including the frequency band 
known as screech (1000-5000Hz). Such high frequency dynamics can result from, 
for example, burning rate fluctuations inside the combustor section of the turbine. 
Without a damping device, such frequencies can quickly destroy combustor 

15 hardware. Thus, one or more damping devices 10 can be associated with the 

combustor section 12 of a turbine engine, as shown in FIG. 1 . One commonly used 
damping device 10 is a resonator. 

FIGS. 2-5 show one example of a resonator 14 known as a Helmholtz 
20 resonator. Generally, the resonator 14 provides a closed cavity 16 defined by a 
plate 18 having a plurality of inlet openings 20 therein and at least one side wall 22 
extending about the periphery of the plate 18. The plate 18 can have any of a 
number of configurations including substantially rectangular, oval, circular, polygonal 
or combinations thereof. In addition, the resonator plate 18 can be flat or it can be 
25 curved. 

The side wall 22 can be formed from a single continuous piece with the 
resonator plate 18 or it can be made of one or more separate side walls. For 
example, when the plate 18 is rectangular, there can be four side walls 22 extending 
from each side of the plate 18. In such case, the side walls 22 can be attached to 
30 the outer periphery of the plate 1 8 and to each other where two walls abut. The side 
wall 22 can extend substantially perpendicularly away from the resonator plate 18; 
alternatively, the side wall 22 can taper outwardly from the periphery of the resonator 



plate 1 8. The openings 20 in the resonator plate 1 8 can have any of a number of 
conformations such as circular, oval, rectangular, triangular, and polygonal. 

As shown in FIG. 2, one or more resonators 14 can be secured to and about 
the outer periphery of a combustor component 24, such as a liner or transition, in 
5 any of a number of manners including by welding or brazing. The combustor 
component 24 can include a plurality of openings 26 through its thickness; the 
resonator 14 can be attached to the component 24 such that the openings 26 in the 
combustor component 24 are enclosed by the resonator 14. The combustor 
component 24 can define one side of the closed cavity 16 of the resonator 14. 

10 Flow can enter the resonator 14 through the openings 20 in the resonator 

plate 18. The flow can then be reacted by the volumetric stiffness of the closed cavity 
16, producing a resonance in the velocity of the flow through the holes 20. This flow 
oscillation has a well-defined natural frequency and provides an effective mechanism 
for absorbing acoustic energy. Further, the flow entering the resonator 14 can be 

15 used to impingement cool the surface of the combustor component 24, before the 
flow exits through the holes 26 in the component 24. In addition to the above 
example, additional resonator configurations are disclosed in Patent No. US 
6,530,221 B1 ("the '221 patent"), which is incorporated herein by reference. The 
'221 patent discusses the basic resonator operation in greater detail. 

20 

Existing resonator design techniques assume a fixed pressure drop across 
the resonator 14 from the outer side 28 (i.e., the resonator plate 18) to the inner side 
30, such as the combustor component 24 (see FIG. 4). Design parameters requiring 
specification include resonator volume, mass flow through the device and pressure 
25 ratio across the inner and outer walls of the resonator. Given this assumption and 
these parameters, a resonator 14 can be designed to provide a desired level of 
damping and frequency response. However, if the actual conditions vary from the . 
assumed conditions, the resonator may not perform as designed, which in turn can 
detrimentally affect the performance of the combustor. 
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The operating environment of a turbine engine can expose resonators to 
heavily non-uniform flow and pressure environments. For example, the air flow 
entering the combustor section is non-uniform, and when this non-uniform flow is 
combined with the irregular geometries of the neighboring components, a complex 
5 flow pressure field develops. Further, the resonators themselves can restrict flow 
depending on their size. Such restriction can accelerate the flow and diminish the 
static pressure over the resonators, which typically changes the pressure drop from 
the design assumption. Moreover, if such non-uniformities must be accounted for in 
the design, the design of the resonator can become significantly complicated. 

10 

Thus, one object according to aspects of the present invention is to provide a 
resonator configured to deliver a more predictable pressure field to the resonator, 
even in heavily non-uniform fluid flow environments, so as to allow the resonator to 

15 perform as it was designed. Another object according to aspects of the present 

invention is to provide a resonator configuration that can increase the pressure drop 
available across the resonator. Still another object according to aspects of the 
present invention is to provide a resonator design that can even the pressure 
impinging on the outer surface of the resonator. Yet another object according to 

20 aspects of the present invention is to provide a resonator design that facilitates the 
use of computational tools to predict pressures produced so that these pressures 
can be relied on in the design process. These and other objects according to 
aspects of the present invention are addressed below. 
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SUMMARY OF THE INVENTION 



Aspects of the present invention relate to a resonator for a non-uniform fluid 
flow environment. The resonator includes a resonator portion and a scoop portion. 
5 The resonator includes a plate having a plurality of openings therein and at least one 
side wall extending about the periphery of the plate. The at the side wall of the 
resonator can extend substantially perpendicularly from the resonator plate. 

The scoop has a top plate and at least one side wall extending substantially 
10 perpendicularly therefrom. The top plate of the scoop can include at least one 
opening. The at least one side wall of the scoop is attached to the resonator such 
that the scoop is disposed above the resonator plate and such that the top plate 
substantially overhangs the plate. The at least one side wall of the scoop can be 
attached to the resonator by one of welding or brazing. Further, the scoop includes 
15 one side without a side wall so as to provide an opening into a space defined 

between the scoop and the resonator plate. In use, the scoop can capture a passing 
fluid so as to substantially equalize the pressure impinging on the resonator plate. 

The scoop and the top plate of the resonator can be spaced substantially 
20 equidistant. The spacing between the scoop portion and the top plate can be from 
about 1 millimeter to about 2 millimeters. In addition, the scoop and the resonator 
plate and the scoop top plate can be curved. 

In one embodiment, the resonator plate can include front and rear ends. The 
25 front and rear ends can be disposed at different elevations. For example, the rear 
end of the resonator plate can be disposed higher than the front end. The difference 
in elevation between the front and rear ends can be from about 1 millimeter to about 
3 millimeters. One side of the top plate of the scoop can be attached to the rear end 
of the resonator plate such that the opening is at the front end. 

30 
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The resonator and scoop include an axial length and a circumferential length. 
In one embodiment, the axial length can greater than the circumferential length. In 
another embodiment, the axial length can greater than the circumferential length. 



5 Other aspects of the present invention relate to a resonator for a non-uniform fluid 
flow environment. The resonator includes a resonator portion and a box portion. 
The resonator includes a plate having a plurality of openings therein and at least one 
side wall extending from the periphery of the plate top. The box is attached on top of 
the resonator. The box has a top plate and at least one side wall extending from the 
10 entire periphery of the top plate. The top plate includes a plurality of openings. The 
at least one side wall can extend substantially perpendicular away from the top plate. 
A plenum is defined between the box and the resonator plate, the plenum having a 
volume. In operation, a fluid entering the plurality of openings in the top plate of the 
box is substantially equalized in the plenum prior to impinging on the resonator plate. 

15 

The top plate of the box and the resonator plate can be substantially identical. 
Further, the top plate of the box and the resonator plate substantially equidistant. 
The side walls of the resonator can attached to a turbine engine component so as to 
define a volume between the component and the resonator. The plenum volume 
20 can be less than the resonator volume. The height of the box can be from about 1/4 
to about 2/5 the height of the resonator. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a cross-sectional view of a combustor section of a turbine engine 
showing a plurality of resonators disposed about the periphery of a combustor 
5 component. 

FIG. 2 is a cross-sectional view of a combustor component having a plurality 
of resonators thereon, taken along line 2 — 2 of FIG. 1 . 

10 FIG. 3A is a plan view of a prior resonator design, taken along line 3A — 3A of 

FIG. 2. 

FIG. 3B is a cross-sectional view of a prior resonator design, taken along line 
3B— 3B of FIG. 2. 

15 

FIG. 4 is a cross-sectional view of a prior resonator design, taken along line 
4_4of FIG. 1. 

FIG. 5 is an isometric view of a prior resonator design. 

20 

FIG. 6A is cross-sectional view of a first resonator configuration according to 
aspects of the present invention. 

FIG. 6B is an isometric view of a first resonator configuration according to 
25 aspects of the present invention. 

FIG. 7A is cross-sectional view of a second resonator configuration according 
to aspects of the present invention. 

30 FIG. 7B is an isometric view of a second resonator configuration according to 

aspects of the present invention. 
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FIG. 7C is an isometric view of a third resonator configuration according to 
aspects of the present invention. 

FIG. 8A is cross-sectional view of a fourth resonator configuration according 
5 to aspects of the present invention. 

FIG. 8B is an isometric view of a fourth resonator configuration according to 
aspects of the present invention. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 



Aspects of the present invention address the shortcomings of prior resonator 
designs, particularly when such resonators are placed in non-uniform flow and 
5 pressure environments. Aspects of the present invention relate to resonators 

including one or more features for delivering a more predictable pressure field to the 
resonator and/or for more evenly distributing the pressure prior to impinging on the 
resonator. Such features can include a flow scoop or another box volume. Aspects 
of the present invention can help to bring the actual conditions experienced by the 
10 resonator more in line with assumed design considerations. 

Embodiments of the invention will be explained in the context of a resonator 
for a turbine engine. Embodiments of the invention are shown in FIGS. 6-8, but the 
present invention is not limited to the illustrated structure or application. For 

15 example, the resonator configurations according to the present invention can be 
used an any section of the engine that may be subjected to high frequency 
dynamics. Further, the resonator assemblies according to aspects of the invention 
can have application beyond the turbine engine context such as to any non-uniform 
flow or pressure environment such as those having pressure gradients and/or those 

20 having irregular geometries of nearby components. 

As shown in FIGS. 6A-6B, one resonator according to aspects of the present 
invention can include a scoop 50 attached to the resonator 14 by, for example, 
welding or brazing. The scoop 50 can include a top plate 52 and at least one side 

25 wall 54 extending substantially perpendicularly therefrom. The at least one side wall 
54 of the scoop 50 can be attached to the resonator 14 such that the scoop 50 is 
disposed above the resonator plate 18 and such that the top plate 52 substantially 
overhangs the resonator plate 18. Further, the scoop 50 includes one side without a 
side wall so as to provide an opening 55 into a volume 56 defined between the 

30 scoop 50 and the resonator plate 18. 
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The scoop 50 and the resonator plate 18 can have any spatial relationship so 
long as flow can adequately enter the volume 56 as well as openings 20 in the 
resonator plate 18. For example, the scoop 50 and the resonator plate 18 can be 
spaced substantially equidistant from or substantially parallel to each other. 
5 Alternatively, the scoop 50 and resonator plate 18 can be disposed at varying 

distances with respect to each other. In one embodiment, the spacing between the 
scoop 50 and the resonator plate 18 can be from about 1 millimeter to about 2 
millimeters. 

10 The scoop 50 and the resonator plate 18 can be substantially identical in 

conformation or they can be different. In one embodiment, the scoop 50 and/or the 
resonator plate 18 can include at least one curve. For example, the scoop 50 and/or 
resonator plate 18 can be curved to generally follow the outer curve of any 
component to which they are attached. Alternatively, one or both of these 

15 components can be substantially flat. The scoop 50 and the resonator 14 can be 
made of metal such as Hast-X. The thickness of the scoop 50 and resonator 14 can 
be from about 0.5 millimeters to about 2 millimeters. In one embodiment, the height 
of the resonator 14 can be from about 10 millimeters to about 12 millimeters, and the 
height of the scoop can be from about 3 millimeter to about 4 millimeters. Again, 

20 these are only examples of height ranges for the resonator 14 and scoop 40. The 
height of the resonator 14 and/or scoop 50 may be larger or smaller than the above 
ranges. The sizing of the resonator can depend at least in part on the desired 
frequency response. 

25 One possible drawback of a scoop configuration according to aspects of the 

invention is that it can increase the overall height of the resonator. In addition to 
possible structural interferences, the taller resonator may further block the oncoming 
flow, which can accelerate the flow and thereby increase the overall system 
pressure. Thus, aspects according to the present invention can relate to a resonator 

30 14 and scoop 50 configuration having a low profile, as shown in FIGS. 7A-7C, in 
comparison to the resonator configuration shown in FIGS. 6A-6B. 
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Reference to a resonator having a low profile means that the overall height of 
the resonator 14 and scoop 50 configuration is reduced. Ideally, the reduced height 
of the resonator and scoop assembly is no taller than the original height of the 
resonator prior to the addition of the scoop. For example, the reduced height of the 
resonator and scoop assembly can be from about 10 millimeters to about 12 
millimeters. One manner of reducing the height is by extending the length of the 
resonator 14 and scoop 50 while maintaining substantially the same volume of the 
closed cavity 16 of the resonator 14. 

The resonator 14 and the scoop 50 have an associated axial length and a 
circumferential length. These terms are relative to their installation on a combustor 
component having a generally cylindrical conformation. The axial length of the 
resonator 14 and scoop 50 is measured in the direction of flow over and/or through 
the combustor component, generally shown by dimension A in FIG. 7B. The 
opening 55 into the space 56 between the scoop 50 and the resonator plate 18 
opens to the oncoming flow. The circumferential length refers to the length of the 
resonator 14 and scoop 50 about the periphery of the combustor component to 
which they are attached, generally shown by dimension C. Thus, aspects of the 
invention can alleviate issues associated with the height of the resonator, but this is 
at the expense of making the resonator axially or circumferentially longer. However, 
an increase in the axial or circumferential length of the resonator generally does not 
pose significant problems in the context of turbine engines. 

The resonator plate includes front and rear ends 60,62. In order to create the 
slimmer profile, the front and rear ends 60,62 can be disposed at different elevations. 
The difference in elevation between the front and rear ends 60,62 can range from 
about 1 millimeter to about 3 millimeters. With such a configuration, the resonator 
plate 18 is no longer substantially equidistant from the scoop 50. However, the 
spacing between the resonator plate 18 and the scoop 50 must be enough such that 
flow into the resonator, and into the openings 20, is not overly restricted. 
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In one embodiment, the rear end 62 of the resonator plate 18 can be disposed 
higher than the front end 60 of the resonator plate 18 as is shown in FIGS. 7A-7C. 
In another embodiment, the front end 60 of the resonator plate 18 can be disposed 
higher than the rear end of the resonator plate 18. 

Aspects of the present invention further relate to making any of the above 
scoop-type resonators tunable by including one or more openings 64 in the scoop 
50, as shown in FIG. 7C. Such a design may be desirable in cases where a different 
pressure ratio across the resonator 14 is desired. Thus, by adding one or more 
openings 64 in the scoop 50 such as in the top plate 52, a portion of the pressure 
captured by the scoop 50 can be relieved. The quantity and/or size of the openings 
64 can determine the amount of relief. The one or more openings 64 can be 
arranged according to a specific pattern or to no particular pattern at all. In one 
embodiment, the openings 64 can be substantially identical in conformation and 
location to the openings 20 in the resonator plate 18. Alternatively, the openings 64 
in the scoop 50 can be located and sized differently from the openings 20 in the 
resonator plate 1 8. 

The openings 64 can have any of a number of configurations such as circular, 
oval, rectangular, or polygonal. The openings 64 can be added by any of a variety of 
processes such as by drilling. Depending on the exact location of the openings 64, a 
small axial gradient may be imposed on the opening, but this axial gradient would be 
much smaller than the gradient on the resonator plate 18 if no scoop 50 were in 
place. 

Having described various embodiments according to aspects of the present 
invention, one manner of making the resonator 14 with a scoop 50 will be described. 
The resonator 14 itself can be made in a number of ways. For example, the 
resonator can be formed out of a single sheet of metal such as by hydroforming. 
Alternatively, the resonator can include two or more subcomponents, such as the 
plate and the wall, that are secured together by, for example, welding or brazing. 
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Openings 20 can be added to the resonator plate 18, as needed, by drilling, 
punching or other process. 

The scoop 50 can be made in any of a number of ways. For example, the 
5 scoop can be made from the above-described resonator part or at least formed from 
the same die. In such case, one end of the resonator would be removed so as to 
provide the opening 55 into the space 56. In addition, the height of the side walls 
would need to be reduced to the desired level. One or more openings can be added 
in the top plate 52 of the scoop 50 by, for example, drilling, punching, EDM, ECM, or 
10 waterjet cut. Alternatively, the scoop 50 can be an assembly of several individual 
parts such as a top plate 52 and one or more side walls 54, joined by brazing or 
welding. Once formed, the scoop 50 can be secured to the resonator. For example, 
the at least one side wall 54 of the scoop can be attached to the resonator by 
welding or brazing. 

15 

The resonator 14 and scoop 50 assembly can be attached to a combustor 
component 24, such as the liner or transition, by welding or brazing. Further, the 
scoop 50 may be retrofitted to resonators presently installed on a turbine engine. 
One or more resonators according to aspects of the invention can be spaced about 

20 the circumference of the combustor component 24, as shown in FIG. 2. While 

illustrating a prior resonator design, FIG. 2 nevertheless is instructive in that it shows 
the general arrangement of the resonators about the turbine engine component 24. 
The resonators can be spaced substantially evenly about the periphery of the 
component 24; however, unequal spacing can be employed as well, such as when 

25 substantially equal spacing would create interferences with neighboring structure. 

Having described various manner for making a resonator assembly according 
to aspects to the invention, one manner in which the resonator assemblies can be 
used will now be described. A passing fluid, such as compressed air, flows into the 
30 space 56 between the scoop 50 and the resonator plate 18 through opening 55, 

which is positioned to face the oncoming flow. The scoop 50 stagnates the flow near 
the resonator 14 and scoop 50 assembly. For the air that enters the scoop 50, the 
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velocity energy of the fluid is converted to static pressure. In other words, the 
dynamic head of the fluid flow is recovered. Thus, the scoop 50 can increase the 
pressure on the resonator, allowing for a greater pressure drop across the resonator 
14 and, thus, more design freedom. In addition, the scoop 50 can even the pressure 
across the top surface 18 of the resonator, which in turn simplifies the design of the 
device and make its performance more predictable. The flow then enters the volume 
16 of the resonator 14 through openings 20 in which the flow is resonated and the 
acoustic energy absorbed. 

Another embodiment of a resonator configuration according to aspects of the 
present invention is shown in FIGS. 8A-8B. In this embodiment, a box 100 can be 
attached on top of the resonator 14. The details of the resonator 14 discussed 
above apply equally to this embodiment according to aspects of the invention. The 
box 14 can include a top plate 102 having a plurality of openings 104 therein. The 
box 100 can further include at least one side wall 106 extending about the entire 
periphery of the top plate 102. The side wall 106 can be a single continuous wall or 
it can be multiple individual walls joined to the top plate 102 and to each other. A 
plenum 108 having an associated volume can be defined in the space between the 
box 100 and the resonator plate 102. 

Preferably, the top plate 102 of the box 100 and the resonator plate 18 can be 
substantially identical in conformation. Further, the size and pattern of the openings 
104 in the top plate 102 can, but need not, be substantially identical to the openings 
20 in the resonator plate 18. In one embodiment, the top plate 102 of the box 100 is 
substantially equidistant from the resonator plate 18. As noted earlier, the at least 
one side wall 22 of the resonator 14 can be attached to a turbine engine component 
24 so as to define a volume 16 therebetween. The volume of the box plenum 108 
can be substantially equal or different from the resonator volume 16. In one 
embodiment the volume of the box plenum 108 is less than the resonator volume 16. 

The height of the box 100 can be from about 1/4 to about 2/5 and, more 
particularly, from about 1/4 to about 1/3 the height of the resonator. The additional 
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height on top of the resonator 14 will block flow, which, as discussed above, can 
cause a decrease in the pressure acting on the resonator. Further, such an 
arrangement will not recover the dynamic head of the passing fluid; rather, this 
configuration minimizes the pressure gradient along the resonator plate 18. In this 
5 configuration, the pressure gradient will act on the top plate 102 of the box 100 
instead of on the resonator plate 18. After passing through the openings 104 in the 
top plate 102, the flow enters the box plenum 108 where the pressure can 
substantially equalize prior to impinging on the resonator plate 18 such that a 
substantially even pressure distribution is supplied to the resonator 14. 

10 

The box-type resonator assembly can be made in various manners. The 
previous discussion regarding making the resonator 14 applies equally here. In one 
embodiment, the box 100 can be created by forming, such as hydroforming, a flat 
sheet of metal in a die. Preferably, the box 100 is substantially identical to the 
15 resonator 14 except for the relative heights of the two components. In such case, 
the same die that can be used to form resonator 14 can also be used to form the box 
100. Of course, the height of the box 100 will have to be reduced in a subsequent 
cutting operation. 

20 In general, the above-described scoop and box resonator assemblies will not 

ensure that the pressure drop is uniform across all of the resonators. Rather, the 
resonator assemblies increase the pressure drop available and/or make the pressure 
on the resonator plate 18 substantially equal for each individual resonator. 

25 It will of course be understood that the invention is not limited to the specific 

details described herein, which are given by way of example only, and that various 
modifications and alterations are possible within the scope of the invention as 
defined in the following claims. 
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